In recent years, there are numerous studies on CAS in comparison with CEA. Although most of the early studies on CAS yielded disappointing results, it has been argued that those trials had some pitfalls. Moreover, there were differences in the experience among interventionists in those trials, and various different stenting systems had been used.
Randomized Trials of CEA vs. CAS
The Carotid and Vertebral Artery Transluminal Angioplasty Study (CAVATAS) [6] was an early multicenter trial that showed no significant difference in the rates of disabling stroke or death between carotid balloon angioplasty and CEA in patients with CS (p = 0.8). However, this study was underpowered to measure the equality because the inclusion and exclusion criteria were not strict, and no embolic protection devices (EPD) were available at that time. Moreover, only 26% of patients in the endovascular treatment arm were provided with stents, which resulted in a high rate of re-stenosis and stroke at the 8-year follow-up [7] .
In the Stenting and Angioplasty with Protection in Patients at High Risk for Endarterectomy [8] trial conducted in North America, 334 high-risk patients were randomly treated with either CAS (with EPD) or CEA. This study favored CAS over CEA in a non-inferiority analysis (p = 0.004) whereas long-term results at 3 years were not different between the 2 treatment groups [9] . However, this study has been criticized for several reasons. First, it was terminated prematurely because of competing with nonrandomized stent registries, which may have decreased the power of the study. Second, most patients in this trial were asymptomatic. Finally, asymptomatic myocardial enzyme leakage was counted as myocardial infarction (MI).
Later, there were 3 large randomized trials conducted in Europe that reported similar results favoring CEA over CAS. First, the Stent-Protected Angioplasty versus Carotid Endarterectomy (SPACE) [10] trial, a multicenter international study, which was terminated early because of slow enrollment and lack of funding, failed to prove the non-inferiority of CAS (p = 0.09). Second, the Endarterectomy versus Angioplasty in Patients with Symptomatic Severe Carotid Stenosis (EVA-3S) [11] study was a French multicenter, randomized study that included 527 patients. It was terminated prematurely because of a significantly higher rate of death or stroke in CAS than CEA (p = 0.01) at 30 days. The cumulative probabilities of event were also significantly higher in CAS (p = 0.04) at a 5-year follow-up, but they were not significant at a 10-year follow-up (p = 0.07) [12] . Lastly, the International Carotid Stenting Study (ICSS or CAVATAS-II) [13] enrolled 1,713 patients with >50% symptomatic CS from 50 centers worldwide. The 120-day rate of stroke, MI or death was significantly higher in CAS (p = 0.006). Furthermore, new ischemic lesions were found more frequently in CAS than in CEA [14] . Although the 5-year results of this study showed similarity in the incidence of fatal or disabling stroke between CAS and CEA, the cumulative risk of any stroke in CAS was significantly higher than in CEA (p < 0.001) [15] . However, the inferior efficacy of CAS compared with CEA remains inconclusive from the results of SPACE, EVA-3S and ICSS because there were some pitfalls in the study designs. First, EPDs were not required in any of these trials. Second, there was variation in the type of stent used in the studies (SPACE and EVA-3S). Third, dual antiplatelet therapy for CAS, which is beneficial to prevent thrombi on the stent, was not mandatory (EVA-3S, ICSS). Finally, the results from these trials implied that periprocedural complication rates relied on the experience of the interventionists. Calvet et al. [16] concluded that carotid stenting should only be performed at centers where interventionists can perform >6 CAS procedures every year.
The Carotid Revascularization Endarterectomy versus Stenting Trial (CREST) [17] , a large, randomized, multicenter trial from North America, was published several months after ICSS. This trial included 2,502 patients who were both symptomatic and asymptomatic assigned to CAS or CEA. CAS was performed with only one stent type and EPD was mandatory whenever technically feasible. In addition, pre-and post-procedural antiplatelet therapies were required. The interventionists in this trial were trained and evaluated strictly in the leadin phase. There was no difference in the rates of primary end point between CAS and CEA (p = 0.51). However, periprocedural stroke rate was higher in the CAS than in the CEA (p = 0.01), whereas the incidence of periprocedural MI was higher in the CEA (p = 0.03). In the subgroup analysis from CREST, symptomatic patients [18] , women [19] and age >65 years [20] were factors associated with a higher rate of stroke and death rates in the CAS .
Although CREST is the largest study to date and showed an acceptable outcome for CAS compared with CEA, it has been criticized for several reasons. First, CREST originally enrolled only symptomatic patients, but asymptomatic patients were included later because of slow enrollment, which is likely to have diluted the power on the divergence of the primary outcome between CAS and CEA in symptomatic patients. Second, it was debatable whether MI should have been included as the primary end point because it is not a treatment goal of CR. Moreover, CREST showed that MI had fewer adverse effects than stroke on the quality of life of patients at 1 year [17, 21] . Definition of MI in CREST was unusual and possibly overestimated. Despite fewer periprocedural MI in CAS, there were >2.5-fold more MI after CAS than CEA at 4 years. Worth noting, the 4-year MI rate was not a component of the primary end point. In addition, a greater proportion of late deaths were observed in CAS patients who had suffered a periprocedural MI [22] . Third, it is questionable to apply the results from CREST to routine practice because the interventionists in CREST were trained rigorously in the lead-in phase. Finally, the protocol specified the use of only RX Acculink stents and RX Accunet EPDs, which are big, open-cell design stents and large-pored filters, respectively, that can cause distal embolization. Summarized data from the studies described above are illustrated in table 1 .
In the same year of CREST publication, the American Heart Association (AHA) and 13 other related societies [2] published guidelines stating that CAS is an alternative to CEA for symptomatic patients, although the data obviously reveal that CEA remains safer. Furthermore, these guidelines recommended that prophylactic CAS might be considered in highly selected asymptomatic patients, but they rated the level of evidence for this suggestion as class IIb. The background of these guidelines was mainly based on the results of CREST, which made it substantially different from the other guidelines, especially the guidelines from the Societies of Vascular Surgery [23] . On the contrary, the American Society for Vascular Surgery [24] published an update of their 2008 guidelines 2 months after the publication of AHA guidelines stating that their guidelines were more circumspect with regard to the role of CAS and a more supportive role of CEA. Kakisis et al. [25] reviewed the 2009 European Society for Vascular Surgery guidelines and also found that CEA is preferable to CAS for the majority of symptomatic patients. However, both guidelines of the vascular societies did not recommend CAS for asymptomatic patients.
Meta-Analysis of Randomized Trials
Recent meta-analyses [26] [27] [28] [29] [30] [31] [32] , which included the latest large studies, seem to support the superiority of CEA over CAS in the periprocedural period whereas longterm results are inconclusive ( table 2 ) . The meta-analysis [29] published in 2011 showed that CAS, when compared with CEA, was associated with an increased risk of periprocedural outcomes of death, MI or stroke except for cranial nerve injury and MI. In addition, CAS was associated with 19% increase in the risk for the composite of periprocedural death, MI or stroke plus ipsilateral stroke in the intermediate to long-term outcomes. A meta-analysis of Vincent et al. [30] revealed that the higher cumulative incidence of stroke-related events throughout long-term follow-up was possibly caused by an increased risk during the periprocedural period. Interestingly, Zhang et al. [32] systematically reviewed the data comparing CAS with CEA in the treatment of CS and pooled the data to analyze the results in different aspects. This study concluded that CEA is superior to CAS with regard to the stroke or death rate within 30 days, especially from 2006 to 2015, in North America and Europe. The superiority was also observed at 4-and 10-year follow-up. On the contrary, the efficacy of CEA was inferior to that of CAS for the stroke or death rate at 1-year follow-up.
Ongoing Randomized Trials of Asymptomatic Carotid Stenosis
Regarding the lack of evidence in asymptomatic patients and the fact that medical therapy has been improved, large ongoing trials are being conducted to compare the efficacy between CR and BMT. Carotid Stenting vs. Surgery of Severe Carotid Artery Disease and Stroke Prevention in Asymptomatic Patients (ACTI) [33] was a multicenter, randomized trial of CAS vs. CEA for asymptomatic severe CS. This study was terminated because of slow recruitment. The results from 1,453 patients in this study showed a higher rate of stroke in CAS compared with CEA but it did not reach statistical significance.
Asymptomatic Carotid Surgery Trial-2 [34] is an ongoing trial planning to enroll 5,000 patients with asymptomatic severe CS and assign them randomly to CAS or CEA. The study has enrolled over 1,200 patients to date and has revealed a 1% rate of 30-day stroke, MI or death. SPACE-2 [35] , started in 2008, first began randomization with a 3-arm trial -BMT alone vs. CAS plus BMT vs. CEA plus BMT. Because of slow enrollment, the study design was revised into 2 parallel 2-arm trials in 2013: CEA plus BMT vs. BMT alone (SPACE-2A) and CAS plus BMT vs. BMT alone (SPACE-2B). However, the revision of the design did not affect the enrollment and the trial was halted after recruiting 513 patients. The 30-day rate of stroke or death was 2.54% in the CAS group and 1.97% in the CEA group whereas no patient in the BMT group had stroke or death.
Currently, CREST-2 is a large, multicenter, randomized trial, assigning patients to 2 parallel trials, similar to the SPACE-2. The primary end point is a 30-day rate of stroke or death and ipsilateral stroke at a 4-year followup. The study started to recruit patients in 2014 with a goal of 2,418 patients. It is notable that both SPACE-2 and CREST-2 are not directly comparing CAS with CEA.
Although the previous data showed the superiority of CEA over CAS in symptomatic patients and the results of asymptomatic patients are uncertain, it is remarkable that both CEA and CAS are associated with a risk of procedural complications. In addition, the advanced technology of CAS has been further developed and the CAS operators have gained more experience in the past few years. A consensus from Italy [36] recommended specific training to achieve basic competence and technical skill as the primary operator for performing CAS in order to improve the outcomes. Therefore, the debate between CEA and CAS is probably not as important as the question of how to select the best treatment without complications for each patient.
Decision-Making on Management of Carotid Stenosis
According to the latest guidelines [2, 24, 25] , BMT is an essential part of the treatment for all patients with CS whereas symptomatic patients with more than 50% stenosis and highly selected patients with more than 60% asymptomatic stenosis should be considered for CR. In spite of disputable data from CAS and CEA, each of them is associated with their own high-risk features, which are summarized in table 3 .
The risks of CEA depend on 2 main factors: patient status and surgical anatomy. CEA can be considered a high risk for patients with severe medical comorbidities, especially for those with severe cardiac diseases. Moreover, unfavorable surgical anatomy, leading to difficult cervical dissection during CEA, is also considered a highrisk CEA.
On the other hand, plaque morphology and vessel anatomy influence the outcomes of CAS. Distal embolization can occur during manipulation or crossing of the carotid plaque. According to the AHA grading system using MRI [37] , type IV/V plaque (lipid or necrotic core) was defined as vulnerable whereas type VI plaque (intraplaque hemorrhage or fibrous cap rupture) was associated with a high risk of stroke. Moreover, heavily calcified, extensive (>15 mm) and preocclusive lesions increase the risk of periprocedural stroke after CAS. Therefore, screening plagues with MRI can identify patients at high-risk from CAS [38] . The anatomy of vessels along the access route of CAS can complicate the procedure. Tortuosity of iliac artery, abdominal aorta or distal ICA, complexity of aortic arch or arch disease should be considered high-risk features.
However, the risks do not only depend on the procedure but also on the competency and experience of the surgeons. To achieve the best outcomes, therefore, the treatment should be selected on the basis of the procedure-related risk specific to each individual patient, as summarized in figure 1 .
Regarding the management of asymptomatic CS, there is strong evidence comparing the efficacy between BMT and CR. However, evidence to date [39, 40] has shown that natural history of asymptomatic CS has improved significantly with modern BMT, and routinely treating asymptomatic patients with CR, considered by degree of stenosis, is not reliable. Annual stroke risk of CR was similar to modern BMT while there were periprocedural risks in CR but not in BMT. Therefore, selection of asymptomatic patients based on their respective 'high-risk features' ( table 4 ) for CR would be reasonable and beneficial to prevent stroke [23, 39, 41, 42] .
Conclusions
The management of CS is complicated and has been studied for a long time. Stroke prevention without complications is the main goal of successful treatment. Riskbenefit assessment should be discussed with individual 
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Step II -choice of treatment based on severity of stenosis in symptomatic patients and high-risk features in asymptomatic patients.
Step III -choice of revascularization based on procedural risk. It is important to additionally consider the surgeon's experience and other risk factors, especially in asymptomatic patients for selecting the treatment options. 
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